We review the decay modes of the Standard Model Higgs boson and those of the neutral and charged Higgs particles of the Minimal Supersymmetric extension of the Standard Model. Special emphasis will be put on higher-order effects.
Introduction
The experimental observation of scalar Higgs particles is crucial for our present understanding of the mechanism of electroweak symmetry breaking. Thus the search for Higgs bosons is one of the main entries in the LEP2 agenda, and will be one of the major goals of future colliders such as the Large Hadron Collider LHC and the future Linear e + e − Collider LC. Once the Higgs boson is found, it will be of utmost importance to perform a detailed investigation of its fundamental properties, a crucial requirement to establish the Higgs mechanism as the basic way to generate the masses of the known particles. To this end, a very precise prediction of the production cross sections and of the branching ratios for the main decay channels is mandatory.
In the Standard Model (SM), one doublet of scalar fields is needed for the electroweak symmetry breaking, leading to the existence of one neutral scalar particle 1 H 0 . Once M H 0 is fixed, the profile of the Higgs boson is uniquely determined at tree level: the couplings to fermions and gauge bosons are set by their masses and all production cross sections, decay widths and branching ratios can be calculated unambiguously 2 . Unfortunately, M H 0 is a free parameter. From the direct search at LEP1 and LEP2 we know that it should be larger than 3 77.1 GeV. Triviality restricts the Higgs particle to be lighter than about 1 TeV; theoretical arguments based on Grand Unification at a scale ∼ 10 16 GeV suggest however, that the preferred mass region will be 100 GeV < ∼ M H 0 < ∼ 200 GeV; for a recent summary, see Ref. 4 .
In supersymmetric (SUSY) theories, the Higgs sector is extended to contain at least two isodoublets of scalar fields. In the Minimal Supersymmetric Standard Model (MSSM) this leads to the existence of five physical Higgs particles 1 : two CP-even Higgs bosons h and H, one CP-odd or pseudoscalar Higgs boson A, and two charged Higgs particles H ± . Besides the four masses, two additional parameters are needed: the ratio of the two vacuum expectation values, tgβ, and a mixing angle α in the CP-even sector. However, only two of these parameters are independent: choosing the pseudoscalar mass M A and tgβ as inputs, the structure of the MSSM Higgs sector is entirely determined at lowest order. However, large SUSY radiative corrections 5, 6 affect the Higgs masses and couplings, introducing new [soft SUSY-breaking] parameters in the Higgs sector. If in addition relatively light genuine supersymmetric particles are allowed, the whole set of SUSY parameters will be needed to describe the MSSM Higgs boson properties unambiguously.
In this talk, I will discuss the decay widths and branching ratios of the Higgs bosons in the SM and in the MSSM. Special emphasis will be put on higher-order effects such as QCD and electroweak corrections, three-body decay modes and SUSY-loop contributions. For details on the MSSM Higgs boson masses and couplings including radiative corrections 5 , and in general on the parameters of the MSSM, we refer the reader to 1 or to the reviews in Refs. 4, 6, 7, 8 .
Decay Modes in the Standard Model

Decays to quarks and leptons
The partial widths for decays to massless quarks directly coupled to the SM Higgs particle, including the O(α in the MS renormalization scheme. The O(α 3 s ) QCD radiative corrections are also known 11 . Large logarithms are resummed by using the running quark mass m Q (M H 0 ) and the strong coupling α s (M H 0 ) both defined at the scale M H 0 . The quark masses can be neglected in the phase space and in the matrix element except for decays in the threshold region, where the next-to-leadingorder QCD corrections are given in terms of the quark pole mass M Q 10 .
The relation between the perturbative pole quark mass (M Q ) and the running MS mass (m Q ) at the scale of the pole mass can be expressed as
where the numerical values of the NNLO coefficients are given by K t ∼ 10.9, K b ∼ 12.4 and K c ∼ 13.4. Since the relation between the pole mass M c of the charm quark and the MS mass m c (M c ) evaluated at the pole mass is badly convergent 12 , the running quark masses m Q (M Q ) are adopted as starting points, because these are directly determined from QCD spectral sum rules 13 for the b and c quarks. The input pole mass values and corresponding running masses are presented in Table 1 for charm and bottom quarks. In the case of the top quark, with α s = 118 and M pt2 t = 175 GeV, one has m Q (M t ) = 167.4 GeV and M t = 177.1 GeV. The evolution from M Q upwards to a renormalization scale µ is given by
c(x) = (9x/2)
For the charm quark mass the evolution is determined by eq. 15 : compared to the Born term, they are of the order of a few percent in the on-shell scheme, but in the MS scheme, they are very small and can be neglected. Note that the below-threshold (three-body) decays H → tt * → tbW − into off-shell top quarks may be sizeable 16 and should be taken into account for Higgs boson masses close to threshold. Finally, the electroweak corrections to heavy quark and lepton decays in the intermediate Higgs mass range are small 17 and could thus be neglected. For large Higgs masses the electroweak corrections due to the enhanced selfcoupling of the Higgs bosons are also quite small 17 .
Decays to gluons and electroweak gauge bosons
The decay of the Higgs boson to gluons is mediated by heavy quark loops in the SM; the partial width in lowest order is given in 18 . QCD radiative corrections 19, 20 are built up by the exchange of virtual gluons, gluon radiation from the quark loop and the splitting of a gluon into unresolved two gluons and N F quark-antiquark pair. The partial decay width, in the limit m t ≫ M H which is a good approximation, and including NLO QCD corrections, is given by
. The radiative corrections are very large, nearly doubling the partial width. Since b quarks, and eventually c quarks, can in principle be tagged experimentally, it is physically meaningful to include gluon splitting g * → bb (cc) in H 0 → gg * → gbb (cc) decays to the inclusive decay probabilities Γ(H 0 → bb + . . .) etc. 9 . The contribution of b, c quark final states to the coefficient in front of α s in eq. (4) is:
. Separating this contribution generates large logarithms, which can be effectively absorbed by defining the number of active flavors in the gluonic decay mode. The contributions of the subtracted flavors will be then added to the corresponding heavy quark decay modes.
Since the two-loop QCD corrections to the H 0 → gg decay mode turn out to be large, one may wonder whether the perturbation series is in danger. However, recently the three-loop QCD corrections to this decay have been calculated 21 in the infinitely heavy quark limit, m t ≫ M The decays of the Higgs boson to γγ and γZ 18 , mediated by W and heavy fermion loops are very rare with branching ratios of O(10 −3 ). However, they are interesting since they provide a way to count the number of heavy particles which couple to the Higgs bosons, even if they are too heavy to be produced directly. Indeed, since the couplings of the loop particles are proportional to their masses, they balance the decrease of the triangle amplitude with increasing mass, and the particles do not decouple for large masses. QCD radiative corrections to the quark loops are rather small 19 and can be neglected.
Finally, above the W W and ZZ decay thresholds, the decay of the Higgs boson into pairs of massive gauge bosons 22 25 can be important. The branching ratios for the latter reach the percent level for Higgs masses above about 100 (110) GeV for both W (Z) boson pairs off-shell. For higher masses, it is sufficient to allow for one off-shell gauge boson only. The decay width can be cast into the form 25 :
with q 2 1 , q 2 2 being the squared invariant masses of the virtual bosons, M V and Γ V their masses and total decay widths, and with λ(x, y; z)
Total Decay Width and Branching Ratios
The total decay width and the branching ratios of the SM Higgs boson are shown in Fig. 1 . In the "low mass" range, M H 0 < ∼ 140 GeV, the main decay mode is by far H 0 → bb with BR ∼ 90% followed by the decays into cc and τ + τ − with BR ∼ 5%. Also of significance, the gg decay with BR ∼ 5% for M H 0 ∼ 120 GeV. The γγ and Zγ decays are rare, BR ∼ O(10 −3 ). In the "high mass" range, M H 0 > ∼ 140 GeV, the Higgs bosons decay into W W and ZZ pairs, with one virtual gauge boson below the threshold. For M H 0 > ∼ 2M Z , it decays exclusively into these channels with a BR of 2/3 for W W and 1/3 for ZZ. The opening of the tt channel does not alter significantly this pattern.
In the low mass range, the Higgs boson is very narrow Γ H 0 < 10 MeV, but the width becomes rapidly wider for masses larger than 130 GeV, reaching ∼ 1 GeV at the ZZ threshold; the Higgs decay width cannot be measured directly [at the LHC or at an e + e − LC] in the mass range below 250 GeV. For large masses, M H 0 > ∼ 500 GeV, the Higgs boson becomes obese: its decay width becomes comparable to its mass. 
MSSM Higgs Sector: Standard Decays and Corrections
Higgs boson masses and couplings
In the MSSM, the Higgs sector 1 is highly constrained since there are only two free parameters at tree-level: a Higgs mass parameter [generally M A ] and the ratio of the two vacuum expectation values tgβ [which in SUSY-GUT models with Yukawa coupling unification is forced to be either small, tgβ ∼ 1.5, or large, tgβ ∼ 30-50]. The radiative corrections in the Higgs sector 5 change significantly the relations between the Higgs boson masses and couplings and shift the mass of the lightest CP-even Higgs boson upwards. The leading part of this correction grows as the fourth power of the top quark mass and logarithmically with the common squark mass, and can be parameterized by: 
The decay pattern of the MSSM Higgs bosons is determined to a large extent by their couplings to fermions and gauge bosons, which in general depend strongly on tgβ and the mixing angle α in the CP-even sector, which reads
The pseudoscalar and charged Higgs boson couplings to down (up) type fermions are (inversely) proportional to tgβ; the pseudoscalar A has no tree level couplings to gauge bosons. For the CP-even Higgs bosons, the couplings to down (up) type fermions are enhanced (suppressed) compared to the SM Higgs couplings [tgβ > 1]; the couplings to gauge bosons are suppressed by sin / cos(β − α) factors; see Table 2 . Note also that the couplings of the h and H bosons to ZA and W + H − pairs are proportional cos and sin(β − α) respectively, while the W + H − A coupling is not suppressed by these factors. 
Decays to quarks and leptons
The partial decay widths of the MSSM CP-even neutral Higgs bosons h and H to fermions are the same in the SM case with properly the modified Higgs boson couplings defined in Tab. 2. For massless quarks, the QCD corrections for scalar, pseudoscalar and charged Higgs boson decays are similar to the SM case 10,11 , i.e. the Yukawa and QCD couplings are evaluated at the scale of the Higgs boson mass.
In the threshold regions, mass effects play a significant role, in particular for the pseudoscalar Higgs boson, which has an S-wave behavior ∝ β as compared with the P -wave suppression ∝ β 3 for CP-even Higgs bosons
1/2 is the velocity of the decay fermions]. The QCD corrections to the partial decay width of the CP-odd Higgs boson A into heavy quark pairs are given in Ref. 10, 15 , and for the charged Higgs particles in Ref. 26 .
Below the tt threshold, decays of the neutral Higgs bosons into off-shell top quarks are sizeable, thus modifying the profile of the Higgs particles significantly. Off-shell pseudoscalar branching ratios reach a level of a few percent for masses above about 300 GeV for small tgβ values. Similarly, below the tb threshold, off-shell decays H + → t * b → bbW + are important, reaching the percent level for charged Higgs boson masses above about 100 GeV for small tgβ values. The expressions for these decays can be found in Ref.
16 .
Decays to gluons and electroweak gauge bosons
Since the b quark couplings to the Higgs bosons may be strongly enhanced and the t quark couplings suppressed in the MSSM, b loops can contribute significantly to the Higgs-gg couplings so that the approximation
cannot be applied any more for M Φ < ∼ 150 GeV, where this decay mode is important. Nevertheless, it turns out a posteriori that this is an excellent approximation for the QCD corrections in the range, where these decay modes are relevant. For small tgβ, the t loop contribution is dominant and the decay width for h, H → gg is given by eq. (4) with the appropriate factors for the Φqq couplings; for a light pseudoscalar A boson Γ[A → gg] is also given by eq. (4) with the change of the factor 95/4 → 97/4. The bottom and charm final states from gluon splitting can be added to the corresponding bb and cc decay modes, as in the SM case.
The decays of the neutral Higgs bosons to two photons and a photon plus a Z boson are mediated by W and heavy fermion loops as in the SM, and in addition by charged Higgs boson, sfermion and chargino loops 1, 27 ; the partial decay widths can be found e.g. in Ref.
1 and are in general smaller than in the SM except for the lightest h boson in the decoupling limit
The partial widths of the CP-even neutral Higgs bosons into W and Z boson pairs are obtained from the SM Higgs decay widths by rescaling with the corresponding MSSM couplings. They are strongly suppressed [due to kinematics in the case of h and reduced couplings for the heavy H], thus not playing a dominant role as in the SM. Due to CP-invariance, the pseudoscalar A boson does not decay into massive gauge boson pairs at leading order.
Decays to Higgs and gauge boson pairs
The heavy CP-even Higgs particle can decay into light scalar pairs as well as to pseudoscalar Higgs bosons pairs, H → hh and H → AA. While the former is the dominant decay mode of H in the mass range 2M h < M H < 2m t for small values of tgβ, the latter mode occurs only in a marginal area of the MSSM parameter space. For large values of tgβ, these decays occur only if
, corresponding to the lower end of the heavy Higgs mass range, and have branching ratios of 50% each. Since the Hbb Yukawa coupling is strongly enhanced for large tgβ, below threshold decays H → hh * , AA * with A, h → bb should also be included 16 . The area of the parameter space in which the decay h → AA is possible 28 is ruled out by present data.
The Higgs bosons can also decay into a gauge boson and a lighter Higgs boson. The branching ratios for the two body decays A → hZ and H + → W + h may be sizeable in specific regions of the MSSM parameter space [small values of tgβ and below the tt/tb thresholds for neutral/charged Higgs bosons]. Belowthreshold decays into a Higgs particle and an off-shell gauge boson turned out to be rather important in the MSSM. Off-shell A → hZ * decays are important for the pseudoscalar Higgs boson for masses above about 130 GeV for small tgβ. The decay modes H ± → hW * , AW * reach branching ratios of several tens of percent and lead to a significant reduction of the dominant branching ratio into τ ν final states to a level of 60% to 70% for small tgβ. In addition, three-body H → AZ * and H → H + W − * , which are kinematically forbidden at the two-body level, can be sizeable for small M A values. The expressions of the widths for these decay modes can be found in Ref.
Total Widths and Branching ratios
For large values of tgβ the decay pattern of the MSSM Higgs bosons is quite simple, a result of the strong enhancement of the Higgs couplings to downtype fermions. The neutral Higgs bosons will decay into bb (∼ 90%) and τ + τ − (∼ 10%) pairs, and H ± into τ ν τ pairs below and tb pairs above the topbottom threshold. For the CP-even Higgs bosons h(H), only when M h (M H ) approaches its maximal (minimal) value is this simple rule modified: in this decoupling limit, the h boson is SM-like and decays into charm and gluons with a rate similar to the one for τ + τ − [∼ 5%] and in the high mass range, M h ∼ 130 GeV, into W pairs with one of the W bosons being virtual; the H boson will mainly decay into hh and AA final states.
For small values of tgβ ∼ 1 the decay pattern of the heavy neutral Higgs bosons is much more complicated. The b decays are in general not dominant any more; instead, cascade decays to pairs of light Higgs bosons and mixed pairs of Higgs and gauge bosons are important and decays to W W/ZZ pairs will play a role. For very large masses, they decay almost exclusively to top quark pairs. The decay pattern of H ± for small tgβ is similar to that at large tgβ except in the intermediate mass range where cascade decays to W h are dominant. Off-shell three-body decays must be included and they provide a smooth transition from below to above threshold. The branching ratios for h, H, A and H ± decays for tgβ = 1.5 are shown in Fig.2 .
The total widths of the Higgs bosons are in general considerably smaller than for the SM Higgs due to the absence or the suppression of the decays to W/Z bosons which grow as M 
Decays into Supersymmetric Particles
In the previous discussion, we have assumed that decay channels into neutralinos, charginos and sfermions are shut. However, these channels could play a significant role, since some of these particles [at least the lightest charginos, neutralinos and top squarks] can have masses in the O(100 GeV) range or less. These decay modes will be discussed in this section. The partial widths of these decays can be found in Refs. 29,30,31 .
Decays into charginos and neutralinos
Present experimental bounds on the SUSY particle masses, do not allow for SUSY decay modes of the lightest CP-even Higgs boson h and of the pseudoscalar Higgs boson A for masses less than ∼ 100 GeV, except for the decays into a pair of the lightest neutralinos. However, whenever the χ 0 1 χ 0 1 decay is kinematically allowed, the branching ratio is close to 100% for positive µ values and small tgβ values. For µ < 0 the branching ratio never exceeds the 20% level. The branching ratios become smaller for increasing tgβ, except when h reaches its maximal mass value since the hbb coupling is no longer enhanced. For the heavier Higgs bosons H, A and H ± , the branching ratios for the sum into all possible neutralino and chargino states are shown in Fig. 3 . Here mixing in the Higgs sector has been included for µ = 0, and the values A t = √ 6Mq [so-called "maximal mixing"] and A b = 0, with Mq = 1 TeV have been chosen. These branching ratios are always large except in three cases: (i) for H in the mass range between 140 and 200 GeV, especially if µ > 0, due to the large value of BR(H → hh); (ii) for small A masses and negative µ values as discussed above; and (iii) for H ± just above the tb threshold if not all the decay channels into the heavy χ states are open.
Even above the thresholds of decay channels including top quarks, the branching ratios for the decays into charginos and neutralinos are sizeable. For very large Higgs boson masses, they reach a common value of ∼ 40% for tgβ = 1.6. In fact, as a consequence of the unitarity of the diagonalizing χ mass matrices, the total widths of the three Higgs boson decays to charginos and neutralinos do not depend on M 2 , µ or tgβ in the asymptotic regime M Φ ≫ m χ , giving rise to the branching ratio
Only the leading tt, bb modes for neutral and the tb modes for the charged Higgs bosons need to be included in the total widths. This branching ratio is shown in Fig. 3 as a function of tgβ. It is always large, even for extreme values of tgβ ∼ 1 or 50, where it still is at the 20% level. 
Decays into Sfermions
The decay widths of the heavy neutral CP-even and the charged Higgs bosons into first and second generation squarks and sleptons [the pseudoscalar A boson cannot decay at tree-level into these states since the Af ifi coupling is zero by virtue of CP-invariance and the Af 1f2 coupling is proportional to m f ∼ 0] are proportional to G F M In order to have full control on these possibly dominant stop pair decays of the Higgs bosons, QCD corrections must be included. They have been calculated recently 34 and found to be quite substantial, enhancing or suppressing the decay widths in Born approximation by amounts up to 50% and in some cases more. This is exemplified in Fig. 4 , where the decay width for H →t 1t1 is shown for unmixed top squarks (up) and very large stop mixing (down). The decay widths are significantly larger for the case of mixing, being further increased by large QCD corrections up to nearly 50%, whereas in the unmixed case the QCD corrections decrease the Born width significantly for the major part of thet 1 mass range; only close to the phase space boundary, the higher order contribution is positive. Large QCD corrections are also obtained for the decays H, A →t 1t2 and H + →tb as well as for the decay H →bb.
The QCD corrections depend strongly on the gluino mass; however, for large gluino masses, the QCD correction is only logarithmically dependent on mg. Contrary to the case of Higgs decays into light quarks, these QCD corrections cannot be absorbed into running squark masses since the latter are expected to be of the same order of magnitude as the Higgs boson masses. 
Decays in Minimal SUGRA
To discuss the SUSY decays, it is convenient to restrict oneself to the MSSM constrained by minimal Supergravity, in which the SUSY sector is described in terms of five universal parameters at the GUT scale: the common scalar mass m 0 , the common gaugino mass M 1/2 , the trilinear coupling A, the bilinear coupling B and the higgsino mass µ. These parameters evolve according to the RGEs, forming the supersymmetric particle spectrum at low energy. The requirement of radiative electroweak symmetry breaking further constrains the SUSY spectrum, since the minimization of the one-loop Higgs potential specifies the parameter µ [to within a sign] and also B. The unification of the b and τ Yukawa couplings gives another constraint: in the λ t fixed-point region, the value of tgβ is fixed by the top quark mass through: m t ≃ (200 GeV) sin β, leading to tgβ ∼ 1.5. There also exists a high-tgβ [λ b and λ τ fixed-point] region for which tgβ ∼ 50. If one also notes that moderate values of the trilinear coupling A have little effect on the resulting spectrum, then the whole SUSY spectrum will be a function of tgβ which we take to be tgβ = 1.75 and 50, the sign of µ, m 0 which in practice we replace with M A taking the two illustrative values M A = 300 and 600 GeV, and the common gaugino mass M 1/2 that are freely varied. For M A = 300 GeV, i.e. below the tt threshold, the widths of the H decays into inos and sfermions are much larger than the non-SUSY decays. In particular, squark [in factt andb only] decays are almost two-orders of magnitude larger when kinematically allowed. The situation changes dramatically for larger M A when the tt channel opens up: only the decays intot pairs when allowed are competitive with the dominant H → tt channel. Nevertheless, the decays into inos are still substantial having BRs at the level of 20%; the decays into sleptons never exceed a few percent.
In the case of the pseudoscalar A, because of CP-invariance and the fact that sfermion mixing is small except in the stop sector, only the decays into inos and A →t 1t2 decays are allowed. For these channels, the situation is quite similar to the case of H: below the tt threshold the decay width into ino pairs is much larger than the non-SUSY decay widths [heret 2 is too heavy for the A →t 1t2 decay to be allowed], but above 2m t only the A →t 1t2 channel competes with the tt decays. decays have a branching ratio of a few ten percent; the decays into sleptons are at most of the order of one percent.
In the case where µ < 0, the situation is quite similar as above. For large tgβ values, tgβ ∼ 50, all gauginos and sfermions are very heavy and therefore kinematically inaccessible, except for the lightest neutralino and the τ slepton. Moreover, the bb/τ τ and tb/τ ν [for the neutral and charged Higgs bosons respectively] are enhanced so strongly, that they leave no chance for the SUSY decay modes to be significant. Therefore, for large tgβ, the simple pattern of bb/τ τ and tb decays for heavy neutral and charged Higgs bosons still holds true even when the SUSY decays are allowed. 
Decays into Light Gravitinos
Recently models 35 with a very light gravitinoG, mG ≤ 10 −3 eV, have attracted some attention; see for instance Ref.
36 and references therein. This interest was originally triggered by the resurgence of models of gauge mediated SUSY breaking and from the CDF eeγγ events. However, certain Supergravity models can also naturally accommodate a very light gravitino 36 .
The couplings of the "longitudinal" (spin 1/2) components of the gravitino to ordinary matter are enhanced by the inverse of theG mass 35 ; if mG is sufficiently small, this can compensate the suppression by the inverse Planck mass M P = 2.4 · 10
18 GeV that appears in all gravitational interactions. Since Gravitino couplings contain momenta of the external particles, partial widths for decays into final states containing (longitudinal) gravitinos depend very strongly on the mass of the decaying particle. The neutral (charged) Higgs boson decay widths into a gravitino and neutralinos (charginos) are proportional to M 5 Φ and can be the dominant decay modes 37 for large values of M Φ . This is shown in Fig. 6 , where we plot the branching ratios of the H, A and H ± decays into light gravitinos and all possible combinations of χ 0 and χ + as a function of M A and for a small value of tgβ = 2 and a gravitino mass of 10 
SUSY Loop Effects
SUSY-QCD corrections to the hadronic decays
In the decays of the MSSM Higgs bosons into quark pairs, Φ → qq, besides the standard QCD corrections with virtual gluon exchange and gluon emission in the final state, one needs to include the contributions of the partner squark and gluino exchange diagrams. These SUSY-QCD corrections have been calculated by several authors 38, 39 and found to be rather substantial for not too heavy squark and gluino masses. For the electroweak corrections, see Ref.
40 .
In the case of the h, A, H → bb decays, the SUSY-QCD corrections can be very large reaching the level of several ten percent for moderate values of mb and mg; in particular corrections of the order of 50 to 60 % can be obtained for large values of tgβ if mg ∼ 200 GeV. In general, the sign of the correction is opposite to the sign of µ. The corrections relative to the Born terms are shown in Fig. 7 as a function of theb mass for several values of tgβ and M A = 60 GeV. As can be seen the corrections decrease with increasing mb, but they can still be at the level of a few ten percent for mb ∼ a few hundred GeV. The situation is similar for the asymptotic behavior with mg as it takes a long time for the gluino to decouple: for mg ∼ 1 TeV, one is still left with substantial QCD corrections for not too heavy bottom squarks. For heavier Higgs bosons, the SUSY-QCD corrections to the decays H, A → tt and H + → tb can also be large 38, 39 , reaching the level of several 10%.
In the gluonic decay modes h, H → gg, squark and in particular top squark loops must be included [squark loops do not contribute to the Agg coupling because of CP-invariance] since these contributions are significant for squark masses MQ < ∼ 500 GeV and small tgβ values. This can be seen in Fig. 8 where the ratio of the gluonic decay width of the h boson with and without the squark contributions is shown as a function MQ for tgβ = 1.5, 30. The QCD corrections 41 to the squark contribution have been calculated in the heavy squark mass limit, and are approximately of the same size as the the QCD corrections to the top quark contribution. A reasonable approximation [within about 10% ] to the gluonic decay width can be obtained by multiplying the full lowest order expression [including quark and squark contributions] with the relative QCD corrections including only quark loops.
Note that the QCD correction to the squark contribution to the h → γγ coupling, which will be discussed later, has also been calculated 42 : in the heavy squark mass limit and relatively to the Born term, the correction is 8α s /3π [compared to −α s /π for the top quark loop] and is therefore small. 
SUSY Loop Effects in h → γγ
In the decoupling limit, M H ∼ M A ∼ M H + ≫ M Z , the lightest SUSY Higgs boson h has almost the same properties as the SM Higgs particle H 0 and the MSSM and SM Higgs sectors look practically the same. In the case where no genuine SUSY particle and no additional Higgs boson have been found at future machines, the task of discriminating between the lightest SUSY and the SM Higgs boson is challenging. A way to discriminate between the two in this decoupling regime is to look at loop induced Higgs boson couplings such as the couplings to gg, Zγ and γγ. In the SM, these couplings are mediated by heavy quark and W boson loops [only quark loops for the H 0 gg coupling]. In supersymmetric theories, additional contributions will be induced by loops with charged Higgs bosons, charginos and sfermions.
The hgg coupling, which can be measured in the decays h → gg or at the LHC in the dominant production mechanism gg → h, has been discussed previously. The hZγ coupling, which could be measured for M h < M Z in the decay Z → hγ, at a high-luminosity e + e − collider running at the Z-peak, or in the reverse decay h → Zγ if M h > M Z at the LHC, has been discussed in Ref. 43 : the SUSY-loop effects are large only in extreme situations, and are unlikely to be seen in these decays. We will discuss here only the hγγ coupling 42 which could be measured in the decays h → γγ with the Higgs boson produced at LHC in the gg → h mechanism or at future high-energy and highluminosity e + e − colliders in the process e + e − → hνν, and most promising in the s-channel single Higgs production in the fusion process γγ → h, with the photons generated by Compton-back scattering of laser light [a measurement with a precision of the order of 10% could be feasible in this case].
The contributions of charged Higgs bosons, sleptons and the scalar partners of the light quarks including the bottom squarks are extremely small. This is due to the fact that these particles do not couple to the Higgs boson proportionally to the mass, and the amplitude is damped by inverse powers of the heavy mass squared; in addition, the couplings are small and the amplitude for spin-0 particles is much smaller than the dominant W amplitude.
The contribution of the charginos to the two-photon decay width can exceed the 10% level for masses close to m χ ∼ 100 GeV, but it becomes smaller with higher masses. The deviation of the Γ(h → γγ) width from the SM value induced by charginos with masses m χ = 250 and 400 GeV is shown in Fig. 9 , as a function of M 2 [µ is fixed by m χ ] for tgβ = 1.6 and 50. For chargino masses above m χ > ∼ 250 GeV [i.e. slightly above the limit where charginos can be produced at e.g. a 500 GeV e + e − collider], the deviation is less than ∼ 8% for the entire SUSY parameter space. The deviation drops by a factor of two if the chargino mass is increased to 400 GeV.
Because its coupling to the lightest Higgs boson can be strongly enhanced, the top squark can generate sizeable contributions to the two-photon decay width of the h boson. For stop masses in the ∼ 100 GeV range, the contribution could reach the level of the dominant W boson contribution and the interference is constructive increasing drastically the decay width. Fort 1 masses around 250 GeV, the deviation of the h → γγ decay width from the SM value can be still at the level of 10% for a very large off-diagonal entry in the stop mass matrix, m 
The program HDECAY
Finally, let me make some propaganda and shortly describe the fortran code HDECAY 44 , which calculates the various decay widths and the branching ratios of Higgs bosons in the SM and the MSSM and which includes:
(a) All decay channels that are kinematically allowed and which have branching ratios larger than 10 −4 , y compris the loop mediated, the three body decay modes and in the MSSM the cascade and the supersymmetric decay channels.
(b) All relevant two-loop QCD corrections to the decays into quark pairs and to the quark loop mediated decays into gluons are incorporated in the most complete form; the small leading electroweak corrections are also included.
(c) Double off-shell decays of the CP-even Higgs bosons into massive gauge bosons which then decay into four massless fermions, and all all important below-threshold three-body decays discussed previously.
(d) In the MSSM, the complete radiative corrections in the effective potential approach with full mixing in the stop/sbottom sectors; it uses the renormalisation group improved values of the Higgs masses and couplings and the relevant leading next-to-leading-order corrections are also implemented.
(e) In the MSSM, all the decays into SUSY particles (neutralinos, charginos, sleptons and squarks including mixing in the stop, sbottom and stau sectors) when they are kinematically allowed. The SUSY particles are also included in the loop mediated γγ and gg decay channels.
The basic input parameters, fermion and gauge boson masses and total widths, coupling constants and in the MSSM, soft-SUSY breaking parameters can be chosen from an input file. In this file several flags allow to switch on/off or change some options [e.g. chose a particular Higgs boson, include/exclude the multi-body or SUSY decays, or include/exclude specific higher-order QCD corrections]. The results for the many decay branching ratios and the total decay widths are written to several output files with headers indicating the processes and giving the input parameters.
The program is written in FORTRAN and has been tested on several machines: VAX stations under the operating system VMS and work stations running under UNIX. All the necessary subroutines [e.g. for integration] are included. The program is lengthy [more than 5000 FORTRAN lines] but rather fast, especially if some options [as decays into double off-shell gauge bosons] are switched off.
Summary
In this talk, the decay modes of the Standard and Supersymmetric Higgs bosons in the MSSM, have been reviewed and updated. The relevant higherorder corrections which are dominated by the QCD radiative corrections and the off-shell [three-body] decays have been discussed. In the MSSM, the SUSY decay modes, and in particular the decays into charginos, neutralinos, and top squarks [as well as decays into light gravitinos] can be very important in large regions of the parameter space. The SUSY-loop contributions to the standard decays into quarks, gluons and photons of the MSSM Higgs bosons can also be important for not too heavy SUSY particles. The total decays widths of the Higgs bosons and the various branching ratios in the SM and in the MSSM, including the previous points can be obtained using the program HDECAY.
